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ABSTRACT 

Currently,  servo  mechanical  presses  with  an  actuator  based  on  a  slider-crank  mechanism  are  widely  used  for  stamping 
details.  One  of  the  major  problems  of  these  servo  mechanical  presses  is  inclination  of  slide  caused  by  eccentric 
application  of  deforming  force  and  total  linear  elastic  deformation  of  the  press  links  and  stamps  under  load.  The 
inclination  of  the  slide  ofthe  servo  mechanical  press  reduces  the  accuracy  ofpunching  and  causes  its  jamming  and  lead 
to  its  breakage.  To  eliminate  these  problems,  it  is  proposed  to  use  Stephenson  II  six-bar  linkage  as  an  actuator  of  servo 
mechanical  press.  The  scheme  structure  of  the  actuator  of  servo  mechanical  press  with  two  connecting  rods  and  one 
crank  based  on  the  Stephenson  II  six-bar  linkage  is  obtained.  Synthesis  ofthe  Stephenson  II  six-bar  linkage  was  carried 
out.  As  a  result  of  synthesis,  a  new  actuator  of  servo  mechanical  press  on  the  base  of  the  Stephenson  II  six-bar  linkage 
was  obtained  and  its  prototype  was  made.  The  prototype  of  the  new  actuator  of  servo  mechanical  press  based  on  the 
Stephenson  II  six-bar  linkage  was  tested.  Testing  ofthe  prototype  ofthe  new  actuator  ofservo  mechanical  press  showed  a 
good  distribution  ofthe  efforts  applied  during  the  presswork  and  a  better  tolerance  ofthe  eccentric  load. 
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l.  INTRODU CTION 

Servo  mechanical  press  is  a  metal  forming  equipment  that  uses  a  servomotor  as  a  drive  [Altan  2007 ;  Halicioglu  et 
al.  2016].  Unlike  a  conventional  mechanical  crank  press  (Figure  la),  the  servo  mechanical  press  does  not  contain 
such  units  as:  Aywheel,  brake,  clutch  (Figure  lb)  [Halicioglu  2015].  In  the  servo  mechanical  press  (Figure  lb),  the 
servomotor  is  mounted  on  the  pinion  shaft  of  the  gear  reduction,  and  through  the  slider-crank  mechanism,  it  carries 
out  the  stamping  process.  The  servomotor  operates  according  to  a  predetermined  program,  providing  a  stamping 
process.  In  the  servo  mechanical  press,  the  movement  and  speed  of  the  slide  are  controlled,  and  it  is  possible  to 
carry  out  a  specified  dwell.  The  servo  mechanical  press  has  the  flexibility  of  a  hydraulic  press  for  payload  and  the 
speed  and  accuracy  of  conventional  mechanical  presses.  Servo  mechanical  press  has  the  ability  to  provide  the 
optimal  law  of  motion  of  the  slide  to  perform  the  required  metal  forming  process.  The  use  of  servo  mechanical 
press  in  manufacturing  industries  allows  reducing  energy  consumption,  shock  loads,  vibrations  and  increase  the 
accuracy  of  stamping  [Groseclose  2009;  Osborn  et  al.  2008]. 
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(a)  (b) 

Figure  1:  Press  Schemes  a-  Conyentional  Mechanical  Press,  b-  Seryo  Mechanical  Press. 

The  servo  mechanical  press  consists  of  a  servo  motor,  reduction  gear  and  actuator  as  shown  in  Figure  lb.  Usually, 
the  simplest  slider-crank  mechanism  is  used  as  an  actuator  in  a  servo  mechanical  press.  The  slider-crank  mechanism  is 
simple  and  reliable,  but  due  to  the  structure  of  the  mechanism  during  the  operation  of  the  servo  mechanical  press,  slide  tilts 
occur.  A  feature  of  the  servo  mechanical  press  during  metal  stamping  is  a  complex  programmable  movement,  in  which 
there  are  large  accelerations  and  decelerations,  stops  and  reverse.  The  reliable  operation  of  the  servo  mechanical  press 
depends  on  the  structure  of  the  actuator. 

The  accuracy  of  stamping  of  the  servo  mechanical  press  is  the  main  parameter  that  affects  the  quality  of  the 
products.  Tilt  of  the  slide  due  to  the  inAuence  of  eccentric  force  and  the  rigidity  of  the  press  frame  are  the  main  factors 
affecting  the  accuracy  of  the  servo  mechanical  press  [Altan  2007]. 


Purpose  of  this  paper  is  to  increase  the  accuracy  of  the  servo  mechanical  press  by  reducing  the  tilt  of  the  slide  of 
actuator  under  the  inlluence  of  eccentric  force.  Tilt  at  eccentric  application  of  force  is  less  in  the  actuator  of  servo 
mechanical  presses  with  two  and  four  connecting  rods,  thanks  to  the  better  direction  of  the  slide  and  less  loads  on  the  guide 
rails  in  comparison  with  one  connecting  rod.  In  case  of  eccentric  application  of  the  load  on  the  stamp,  actuator  of  servo 
mechanical  press  with  two  connecting  rods,  as  shown  in  Figure  2a  have  an  advantage  over  servo  mechanical  press  actuator 
with  one  connecting  rod,  as  shown  in  Figure  2b.  In  actuator  of  servo  mechanical  press  with  two  connecting  rods  forces  act 
on  the  slide  at  two  points,  as  shown  in  Figure  2a,  which  significantly  reduces  the  possibility  of  its  tilt.  In  general,  the 
resulting  stamping  force  coincides  with  the  center  of  the  slide  of  actuator  of  servo  mechanical  press.  However,  due  to  the 
complex  and  asymmetric  shape  of  manufactured  part,  the  load  center  shifts  and  an  eccentric  force  occurs.  This  is  especially 
noticeable  in  the  actuator  of  servo  mechanical  press  with  one  connecting  rod.  The  slide  under  the  inlluence  of  eccentric 
force  has  the  tilt,  as  shown  in  Figure  3a. 


Figure  2:  Kinematic  Schemes  of  the  Actuator  of  Servo  Mechanical  Press; 
a)  with  Two  Cranks  and  Two  Connecting  Rods; 
b)  with  One  Crank  and  One  Connecting  Rod. 
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Figure  3:  Actuator  of  Servo  Mechanical  Press; 
a)  with  One  Crank  and  One  Connecting  Rod, 
b)  with  Two  Cranks  and  Two  Connecting  Rods. 


To  reduce  the  impact  of  eccentric  force  on  the  slide,  it  is  necessary  to  reduce  the  payload  or  switch  to  the  use  of 
the  actuator  of  servo  mechanical  press  with  two  connecting  rods. 


The  permissible  eccentric  load  of  the  actuator  of  servo  mechanical  press  with  two  cranks  and  two  connecting  rods 
as  shown  in  Figure  3b  is  calculated  by  next  formula  [Misumi  2019]. 
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1 

—  PK 
2 


L 


L 

e  H - 
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where  P  -  nominal  pressure,  P  -  permissible  eccentric  load,  K  -  coefficient  (see  Table  1.),  e  -amount  of 
eccentricity,  L  -distance  between  connecting  rods.  Here  is  P  <  P 


Table  1:  Yalues  of  Coefficient 


Amount  of  eccentricity  e  [mm] 

Coefficient  K 

30 

0.91 

50 

0.86 

60 

0.83 

75 

0.80 

90 

0.77 

100 

0.75 

The  advantage  of  the  actuator  of  servo  mechanical  press  with  two  connecting  rods  on  act  to  eccentric  force  on  the 
slide  is  obvious.  In  the  actuator  of  servo  mechanical  press  with  two  connecting  rods,  the  load  on  slide  guide  rail  is  reduced 
and  thus  the  possibility  of  its  jamming  is  reduced.  Disadvantages  of  the  actuator  of  servo  mechanical  press  produced  by  the 
industry  with  two  connecting  rods  are:  high  cost,  complexity  of  construction,  large  size.  In  this  regard,  designing  of  new 
actuator  of  servo  mechanical  press  with  two  connecting  rods  based  on  linkages  is  an  important  task.  To  design  the  actuator 
of  servo  mechanical  press  with  one  crank  and  two  connecting  rods,  we  use  Stephenson  chain  of  six-bar  linkage. 

2.  STEPHENSON  II  SIX-BAR  LINKAGE 

For  the  choice  of  the  structure  scheme  of  the  linkages  of  the  actuator  of  servo  mechanical  press  with  two  connecting  rods 
and  one  crank,  we  use  Stephenson  II  six-bar  linkage  [Hu  et  al.  2016).].  Figure  4a  shows  Stephenson  chain  of  a  six-bar 
linkage,  consisting  of  four  binary  links,  two  separated  ternary  links  and  seven  revolute  joints.  When  selecting  link  6  as  a 
fixed  frame,  link  5  as  an  input  crank  and  link  1  as  an  output  link,  we  obtain  Stephenson  II  six-bar  linkage  [Hsieh  et  al. 
2011;  Soong  et  al.  2010].  If  the  length  of  the  output  link  1  is  increased  to  infinity,  then  the  output  link  will  be  in  the  form  of 
a  slide. 
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Figure  4:  a)  Stephenson  Chain  of  a  Six-Bar  Linkage, 
b)  Stephenson  II  Six-Bar  Linkage. 

The  obtained  Stephenson  II  six-bar  linkage,  as  shown  in  Figure  4b,  can  be  used  for  the  actuator  of  servo 
mechanical  press. 

2.1  Kinematic  Analysis  of  Stephenson  II  six-Bar  Linkage 

Let’s  consider  the  kinematic  analysis  of  Stephenson  II  six-bar  linkage  as  shown  in  Figure  5,  changeable  contour  BB'C'C 
of  which  is  a  parallelogram.  In  this  case,  the  problem  of  kinematic  analysis  can  be  solved  analytically  through  elementary 
functions. 


Figure  5:  Stephenson  II  Six-Bar  Linkage. 

Let's  write  the  equations  of  contour  closeness  of  Stephenson  II  six-bar  linkage  as  shown  in  Figure  5,  in  a  vector 

form 

r  +  a  +  b  +  1  -  b  —  S  +  e  (1) 

Projecting  Eq.  (1)  on  the  coordinate  axes,  we  obtain 

{rcos(p  +  lcosu/  =  e 

*  Y  (2) 

r  sin  (p  -  a  + 1  sin  y/  =  -S 

From  Eq.  (2)  you  can  get  the  desired  laws  of  motion  S  =  S(tp),  y/  =  i/f(cp) 

S  =  a  -  r  sin  (p  -  l  sin  y/ 

<  1  (3) 

cos  y/  =  -  (e  -  r  cos  (p) 

l  / 

The  expression  Eq.  (3)  can  be  written  as 
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S  =  a  -  r  sin  (p  ±  Jl2  -  (e-  rcostp)2 
1 


y/  -  ±  arccos 


-( e  -  rcostp) 


l 


(4) 


Signs  ±  correspond  to  different  assemblies  of  the  mechanism.  To  determine  velocities  and  accelerations,  we 
differentiate  Eq.  (3)  according  to  the  generalized  coordinate  (p 


S'  =  -rcostp-  lcosy/ •  y/' 


y/'smy/  =  --sintp 
/ 


(5) 


S"  =  r  sin  cp  +  /  sin  y/  •  y/'2  - 1  cos  y/  •  y/" 

*  /2  r 
y/  sin^  +  cos^-  y/  = — cos  (p 


For  the  central  mechanism,  when  e  =  0  ,  Eqs.  (4)  are  simplified  a  little 

/2  2  2 

S  =  a- rsm(p±s\l  -r  cos  (p 


y/  =  ±  arccos 


—  cos  (p 
l 


(6) 


(7) 


In  contrast  to  the  usual  crank-slider  mechanism  in  formulas  Eq.  (3)  and  Eq.  (7)  parameter  a  is  included. 
Yelocities  can  be  explicitly  obtained 


S'  =  -rcos  (p  ± 


r2  sin  (p 


n.  1 ,2  2  2 

2 -  r  cos  (p 


y/  =+- 


rsin  (p 


[7l  2  2 

yjl  -  r  cos  (p 

Accelerations  can  be  obtained  after  differentiation  Eq.  (8)  by  (p 


(8) 


S"  =  rsm(p±  r2 


cos  (p 


2  2 

r  cos  (p 


2  .  2 

r  sin  (pcos(p 


y/"  =  ±r 


^  2(/2  -  r2  cos2  (pY 2  J 
cos  (p 


2  .  2 

r  sin  (pcos(p 


r  cos  (p  2 (/  -  r  cos  #?)/2  y 


The  linear  yelocity  of  the  slide  is  determined  by  the  formula: 
•  dS 

S  =  —  =  S  (D 
dt 


(9) 


(10) 
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dcp 

where  co  = - angular  yelocity  of  a  crank  shaft.  The  linear  acceleration  of  the  slide  is  determined  by  the 

dt 


formula: 


••  dS  m  2  , 

s  =  — ^  =  s  'CQ  +S  £ 
dt 


(11) 


where  £  =  — —  -  angular  acceleration  of  the  crank  shaft. 
dt 

2.2  New  Actuator  of  Seryo  Mechanical  Press  on  the  Basis  of  Stephenson  II  Six-Bar  Linkage 

As  mentioned  above,  the  actuator  of  servo  mechanical  press  with  two  connecting  rods  have  great  advantages  compared  to 
the  actuator  with  one  connecting  rod,  thanks  to  a  better  distribution  of  forces  on  the  slide  and,  accordingly,  lower  loads  on 
the  guide  slide.  Initial  data  for  the  synthesis:  the  law  of  motionS  =  S(cp) ,  (See  Figure  6)  in  the  segmentO  <cp<2n . 

Slidestroke  Sm2iX  =  120 mm  Angular  velocity  of  crank  is  constant  co  -  <p  =  10  rad/ s  . 

To  develop  a  new  actuator  of  servo  mechanical  press,  the  Stephenson  II  six-bar  linkage  was  synthesized 
(Figure  7),  where  the  notation  L12  is  distance  between  point  1  and  2  and  L23  is  the  distance  between  point  2  and  3,  etc. 
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: 
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Figure  6:  The  Law  of  Motion  of  the  Stephenson  II  Six-Bar  Linkage. 


Figure  7:  Synthesized  Stephenson  II  Six-Bar  Linkage. 

In  Figure  8  shows  the  graphs  of  the  velocity  S  (a)  and  acceleration  S  (b)  of  the  synthesized  Stephenson  II  six- 
bar  linkage. 
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2.  3D  Model  of  the  of  Servo  Mechanical  Press 

Kinematic  scheme  of  the  new  actuator  of  servo  mechanical  press  based  on  the  Stephenson  II  six-bar  linkage  is  shown  in 
Figure  9 


Figure  9:  Kinematic  Scheme  of  the  New  Actuator  of  Servo  Mechanical  Press: 

1  -  Crank,  2  -  Ternary  Link,  3,4  -  Connecting  Rods,  5  -  Slide  A,B,C,D,E,F  -  Revolute  Joints. 


The  linkage  of  the  new  actuator  of  servo  mechanical  press  works  as  follows.  At  full  rotation  the  crank  1  through 
the  ternary  link  2  and  connecting  rods  3  and  4  transmits  the  movement  of  the  slide  5,  which  in  turn  affects  the  processed 
object  6.  With  that,  at  the  moment  of  contact  of  the  slide  5  with  the  object  under  the  process  6  the  connecting  rods  3  and  4 
are  in  a  parallel  position,  which  ensures  an  even  distribution  of  loads  both  on  the  processed  object  6  and  between  the  links 
of  the  actuator  of  servo  mechanical  press. 

To  develop  the  3D  model  of  servo  mechanical  press  with  actuator  based  on  Stephenson  II  six-bar  linkage,  the 
Autodesk  Inventor  system  was  used.  At  the  beginning,  3D  model  of  all  links  of  the  linkage  and  structure  of  the  press  was 
constructed  and  computer  assemblage  was  carried  out.  Figure  lOa  shows  the  top  of  the  press.  When  designing  the  rods,  a 
rolled  channel  100x46  was  used.  Similarly,  the  base  of  the  press  was  constructed  using  the  same  rolled  channel  as  shown  in 
Figure  lOb. 


(a)  (b) 

Figure  10:  Construction;  a)  The  Top  of  the  Press,  b)  The  Base  of  the  Press. 
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In  Figure  1 1  shows  a  3D  model  of  actuator  of  servo  mechanical  press 


Figure  11:  Construction  of  Actuator  of  Servo  Mechanical  Press: 
1-Crank,  2-  Ternary  Link,  3,4  -  Connecting  Rod,  5-  Slide,  6  -  Joint  Pin. 

The  full  view  of  the  entire  servo  mechanical  press  in  Autodesk  Inventor  is  shown  in  Figure  12. 


Figure  12:  Construction  of  Servo  Mechanical  Press  in  Autodesk  Inventor. 

A  prototype  of  the  actuator  of  servo  mechanical  press  is  made  as  shown  in  Figure  13. 


Figure  13:  A  Prototype  of  the  Actuator  of  Servo  Mechanical  Press. 

Testing  of  the  prototype  of  the  actuator  of  servo  mechanical  press  showed  a  good  distribution  of  the  efforts 
applied  during  the  presswork  and  a  better  tolerance  of  the  eccentric  load. 

4.  CONCLUSIONS 

To  increase  the  accuracy  of  stamping  of  servo  mechanical  press,  it  is  necessary  to  reduce  the  tilt  of  the  slide  under  the 
inlluence  of  eccentric  force.  It  was  established  that  the  tilt  of  the  slider  with  application  of  eccentric  force  is  less  in  servo 
mechanical  press  with  actuator  of  two  connecting  rods,  compared  with  presses  with  one  connecting  rod.  To  improve  the 
accuracy  of  stamping  servo  mechanical  press,  it  is  proposed  to  use  Stephenson  II  six-bar  linkage  for  the  actuator  of  servo 
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mechanical  press.  Synthesis  of  the  Stephenson  II  six-bar  linkage  was  carried  out.  3D  model  of  the  servo  mechanical  press 
with  the  new  actuator,  based  on  Stephenson  II  six-bar  linkage  was  created  on  Autodesk  Inventor.  Prototype  of  the  new 
actuator  of  servo  mechanical  press  was  made.  Tests  were  carried  out,  which  showed  a  good  distribution  of  the  efforts 
applied  during  the  presswork  and  a  better  tolerance  of  the  eccentric  load.  The  main  result  of  the  work  is  the  design  of  a  new 
actuator  of  servo  mechanical  press  with  one  crank  and  two  connecting  rods. 
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